Polypropylene films (PP) surface treated by corona discharge in air was analyzed to verify the changes on surface composition. The presence of oxidized polar groups on the film surface, mainly, C=O, C-O and COH, was confirmed by infrared spectroscopy (FTIR/ATR) and atomic force microscopy (AFM) revealed a dramatic change in the morphology and provided qualitative results of the chemical composition (new structures). Contact angle (q) of the PP films decreased after corona treatment indicating an increase in the wettability due to the polar groups formed. Extended treatment results of low molecular weight oxidized material into the surfaces and a smaller additional degree of modification in the wettability is obtained.
Introduction
Many industrial applications of polypropylene films require good adhesion properties, for example, adhesion by printing ink, paints and coatings, lamination and conventional adhesives. Generally, the presence of polar groups and the morphology of the film surface play a very important role for obtaining good adhesion [1] [2] [3] . However, polypropylene films have limitations to their adhesion properties due to their non-polar nature and low surface tension. One of the techniques used to modify surface is the exposure of the polymer to corona discharge 4, 5 . The corona discharge is an electrical discharge between two electrodes obtained under atmospheric pressure from a high voltage ac current. The electrical field generated, excites the gas molecules (air) and dissociates some of them. These charged active species may react with polymer molecules that, also, are activated accordingly and may occur breaking of molecular bonds on the surface and addition of polar oxygen atoms (mainly, COH, C=O and C-O). It is commonly assumed in the literature that surface oxidation during corona treatment is via a free radical process and the following reactions are proposed to account the PP surface oxidation (scheme 1) 6 . This mechanism only involves oxygen as a reactive species but other possibilities exist for the introduction of oxygen functionalities into the surface through reaction with water, nitrogen oxides and derived from them, but these groups are present at very low levels. Although the modification of polymer surfaces by corona discharge has already been studied, further research work is necessary in order to understand changes in the surface composition, wettability and morphology that are important in controlling the modification and to obtain good adhesion properties. In this work was investigated the surface modification of PP films treated by corona discharge through FTIR/ATR spectroscopy (chemical structure), contact angle goniometry (wettability) and atomic force microscopy (morphology). These techniques have already been used to investigate polymer surfaces involving other applications [7] [8] [9] . Scheme 1.
Experimental

Surface Treatment
Isotatic PP films (28 µm of thickness, blow extrusionPolicast) were previously washed with acetone (99.8%, Merck) and dried to eliminate surface contaminants. After cleaning, the samples were treated by corona discharge in air (point-to-plate system), with applied voltage ~5000 V, distance between electrodes of 3 mm, in different times and controlled environment condition (temperature ~20 °C and relative humidity ~55%).
Surface Characterization
• To analyze the changes of chemical structure induced by corona treatment, FTIR analysis was carried out in a Perkin Elmer SPECTRUM-2000 spectrometer, in the attenuated total reflectance (ATR) mode, equipped with a ZnSe crystal prism (incidence angle of 45°).
All analyses were performed with a resolution of 4 cm -1 and 10 scans for samples. The carbonyl index was determined by the ratio between the maximum absorbance bands at 1720 cm -1 (assigned to C=O) and at 1170 cm -1 , taken as a reference.
• The wettability of the PP films was determined by the detection of the contact angle formed at the interface of water drop and the PP film surface using a goniometer (Tantey, CAM-MICRO). The deionizeddisttiled water was put on the surface in the shape of a sessile drop using a clean syringe and was allowed to equilibrate for about 30 s. Then, by a monitor magnified on the interface of film surface and the water drop, the final contact angle was taken from the average value of continuous measurement of ten times.
• PP surface morphology was investigated using an atomic force microscope (Thermo Microscope autoprobe CP). The samples were scanned with a standard silicon nitride cantilever supplied by the microscope manufacturer and all atomic force microscopy (AFM) measurements were performed in ambient atmosphere and contact mode. The applied force was always minimized, not to deform the samples.
Results and Discussion
Chemical Composition (FTIR/ATR)
FTIR/ATR spectra of the untreated and corona treated PP films are shown in Fig. 1 . The comparison between these spectra reveals the generation of new polar groups in the films due to corona treatment in air. The appearance of an absorption band in the 3600-3200 cm -1 regions is assigned to hydrogen bond of alcohol (-OH); the peak at 1720 cm -1 confirm the presence of carbonyl (C=O) of the -COOH group, and at 1645 cm -1 corresponds to a C=O group adjacent to an olefinic double bond or enolic C=O group present in the treated PP film. The assigned carbonyl absorption peak intensities increase with the treatment time, as showed by the carbonyl index in the Fig. 2 . An absorption band at 1300-1100 cm -1 is observed and corresponds to ester group (C-O) 10 . Oxidized nitrogen groups are not detected in all of cases.
Morphology (AFM)
The surface modification as well as the changes in morphology were measured by AFM analysis. The Fig. 3 shows the AFM topographic images for (a) untreated, (b) 2 s and (c) 30 s corona treated PP films. The untreated film surface is characterized by rough surface with granular structures and presents some orientation, which results from manufaturacting process (blow extrusion). After corona treatment, PP film surface shows remarkable changes in the morphology as small droplets. Atomic oxygen formed in corona discharge, in air, reacts with PP chains and forms oxidized polar groups on the surface. Increasing surface oxidation, i.e. increasing the corona treatment time, the polymer chain scission continues, decreasing the molecular weight of the materials formed on the surface and increasing the liquidity of these materials which results in large droplets. Figure 4 illustrates the contact angle (θ) as a function of corona treatment time. Untreated PP film shows contact angle (using water) of 90° and corona discharge produced substantial changes in the contact angle. It is apparent that 2 s treatment time is sufficient to decrease the contact angle of 90° up to 54° and that by further treatment a smaller additional degree of modification is obtained, i.e. after 10 s treatment time a saturation of the contact angle occurs (θ ~50°). Extended treatment for several seconds appears unnecessary and instead is likely to cause some ablation and ultimately surface roughening 11 . For industrial applications short corona treatment times are required for commercial viability. Corona discharge treatment introduces polar groups containing oxygen into the surfaces of PP films resulting in increased wettability that is necessary to obtain good adhesion properties. Adhesion force measurements (using AFM analysis) of the corona treated PP films were showed in previous work 12 and it was possible to verify the increasing in the adhesion force after corona treatment. 
Wettability (Contact Angle)
Conclusions
Corona discharge treatment of PP films leads to the incorporation of various chemical groups containing oxygen, mainly C=O, into the films. As a result, the surface wettability by water (polar liquid) increases (contact angle decreases), which is the reason for the improvement of adhesion performance of polymer. Increasing the treatment time showed an increase of the oxygen groups and the formation of droplets on the surface, which are results of low molecular weight oxidized material formed during the oxidation process.
